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ORKA: The Golden Kaon Experiment

Primary physics

Precision measurement of K*—m*vv BR with ~1000
expected events (SM) at FNAL Ml

Expected BR uncertainty matches expected Standard
Model uncertainty

Sensitivity to new physics at and beyond LHC mass
scale

4th generation detector building on BNL E787/E949
Projected cost ~S53M

See David Jaffe’s talk yesterday (June 18) for details
of experiment and primary physics
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BNL E787/E949
Stopped Kaon Technique
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K* decays at rest in the stopping target

Decay t* track momentum analyzed in drift chamber

Decay rnt* stops in range stack, range and energy are measured

Range stack STRAW chamber provides additional t* position in range stack
Barrel veto + End caps + Collar provide 4nt photon veto coverage .




ORKA Detector

MAGNET
T-COUNTER \

B4 COUNTERS

COLLAR COUNTER

HOLE COUNTER

BEAM » [—

"ERENKOV COUNTER/ T
BEAM CHAMBER 1
BEAM CHAMBER 2

ACTIVE DEGRADER

END CAP v VETO

o im
| P EE——— |

Good at reconstructing pions and muons
Good at decays with missing energy
Not so good at photons and electrons
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Highly optimized
for K*—mtvv

In center-of-mass
frame (kaon decays
at rest)

Low momentum
charged particles

Can not access all of
phase space

Excellent photon
veto coverage

Lots of kaons and
pions
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Primary Physics
n'n® BR  p*vBR
21% 64% Precise BR measurement
of Kt—=m*vv
Current: B(K* — z*vv)=17.37{3x10™"
wv (69 SM: B(K* = z'vv)=(7.8+0.8)x10™"

whrtn (,056) wta? (21) A

$ Observed signal:

v

L DL DAL L W D A L

K+— n*%u*%e”

Background exceeds signal
by > 1010

P Requires suppression of
A 7 background well below
ZA\ . expected signal (S/N ~10)

0 50 100 180 200 250 30 . .
Momentum (MeV/c) Requires 1t/u/e particle ID

_ > 106
Momentum spectra of charged particles ] o o
from K* decays in the rest frame Requires mt” inefficiency

_

Arbitrary Units
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ORKA Physics Toplcs

» KT — 7" + missing energy — ity TP
» Kt - ntup(1) TF K+—>7r vy P
Fis L
v K+ — X P Kt — ntDP: DP — ete™
v K+ — 1t o50(FF) P K+ lifetime

» Kt — nt 70 + missing energy
T,P

B(Kt — ntn0)/B(Kt — ptv)
Kt — nmtnlete
Kt — autut (LFV)

» Kt = at7%up
» Kt — nt79X

» Kt — ut + missing energy
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0 . TP

» K — utuy (heavy neutrino) 7 " — nothing

» KT — ptvM (M =majoran) 7m0 — ADP; DP — ete~
- +u

» KT — uvvv 7!'0 — ,YX

TE787/E949 Thesis ; PE787/E949 Publication; DP=Dark Photon

ORKA physics breath document:
http://projects-docdb.fnal.gov/cgi-bin/ShowDocument?docid=1644




K*—m*vv PNN1/PNN2 ratio

PNN1 and PNN2
kinematic regions
analyzed separately

P
o

Range (cm)
3

Different background 0 | :
and acceptance issues =t -

If ratio of BRs measured
in the two regions :
differs from SM, could ™0 s 70 a0 a0 100 w10 120 130 a0
indicate new physics

(ex: unparticles)
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K*—mrvvy

Typica”y nOt -0.15: """""""""" ... '_/\(
H [ ALW(%) _-_---"'-----—-
experimentally 02f B :

-0.25¢ S
measurable oal Mescia & Smith ] S
For low energy v, radiative o0sd arXiv: 0705.2025v2 P
mode not distinguishable | -
from K*—mtvv 045t | z
For high energy vy, veto osf | E o (MeY) 2
event 0 20 40 60 8 100 120 140 -
o o Figure 1: The QED correction to K*—m*vv(y) gi
Expect ~0.25% of events in %, as a function of the maximum energy ;
from radiative mode when  of the undetected photon g

experiment can detect
photon energies > 10 MeV

Expect 2-3 radiative events
in 1000 event sample




K+—mtXY

Familon
Wilczek, Phys. Rev. Lett. 49, 1549 (1982)
Axion
arXiv:hep-ph/9807363
Light scalar pseudo-NG boson
arXiv:0908.2004

Sgoldstino
arXiv:hep-ph/0007325

Gauge boson corresponding to new U(1) symmetry
Aliev et al, Nucl. Phys. B 335, 311 (1990)
arXiv:0811.1030

Light dark matter
arXiv:0711.4866
arXiv:hep-ph/0702176
arXiv:hep-ph/0509024
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Upper limit 90% C.L.

Kr—atX0

E787/E949: B(K*—m*X%) < 0.73 x 1019 (arXiv:0709.1000)
1 event in E949, no events in E787

K*—m*vv is a background

Upper limit on K*—=m*X
where X has listed
lifetime
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Upper limit on K*—mx*X
where X is stable
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K*—atX% “event”

42

'E787/E949

40
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Range (cm)

32

sof ©

28
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9 100 110 120 130
Energy (MeV)

Expected distribution
of Ktr—=na*vv (MC)

140

150

E949S signal % 20 40 AR

event

One event seen in E949 K*—m*vv PNN1
signal region is near kinematic endpoint
and also in K*—mt*X° signal region

Corresponds to a massless X°

Central value of measured K*—mt*vv BR
higher than SM expectation
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Kt—ntnvv

=’ Energy (MeV)

Ke4 BR allows firm SM prediction

New physics from axial-vector in addition to vector currents
E787: B(K*—=m*n'vV) < 4.3 x 10

Limited by trigger bandwidth and detector resolution
Expect x 1000 improvement at ORKA

30 F g 30 F l

325 - g 325 - BNL E787

300 ﬁ 300 arXiv:0009055v1
275 F A 275 -

250 - 250 -

25 b 225 —

200 - 200 -

175 F 175 —

150 | | 150 - :

125 :. [ P [ P PR 125 :.

100 150 200 250 250

1~ Momentum (MeV/c) n~ Momentum (MeVi/c)
FIG. 4. 7V energy versus % momentum for K* — w* 7w candidates (left) and for Monte

Carlo signal events (right). Box indicates the signal acceptance region. K2 events cluster at the
upper right in the top plot.
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Kr—=n*tyy & KT—=mty

K*—=mryy
B(K*—m*yy) = (1.1 £ 0.3) x 10®

Extrapolated from 100 MeV/c< p,_ <
180 MeV/c region

Test of Chiral Perturbation Theory

* Contributions start at O(p?) s

Expect large increase in statistics (x10%)

B(K*—m*yy) (p,, > 213 MeV/c)
<8.3x107°

K¥—gtty
Violates conservation of angular
momentum and gauge invariance

n* range (cm)

Allowed in non-commutative/
Lorentz violating theories

E949: B(K*—m*y) < 2.3 x 107

Expect limit to scale with exposure
(x 360)

: O(p®) unitarity corrections
[{ = ———— No unitarity corrections

AP PP I IR IPPPI ISP IPSPUI IS NP FOLA| PR
0 25 50 75 100 125 150 175 200 | 225 250

" momentum (Me\//c)
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Sterile Neutrinos (VMSM)

MSM + 3 RH neutrinos

eV|[ t
Sterile neutrinos: Ny, Nj, N3 100} ¢ b ¢ NS 5
Active-sterile neutrino 105 U 4| M owN, ]
. . i < N, e
mixing o] VN, 5
Lightest sterile neutrino: N, _ v g
1072 vN, v &
Mass 4-50 keV : : g
. 10°¢}  quarks leptons Vi Z
Dark matter candidate ' _ , =
Dirac  masses Majorana =
1masses 2
N, and N, S
mix with active neutrinos =

Via = Uqi Vi + Oy Np

[Mplar _ Far(®)
MM,

Oqr =




Sterile Neutrinos

Neutrino Yukawa couplings for N, ; ﬂ\

[Casas, Ibarra '01]
PMNS v

F =Upns D)? QD) /(D) (in NH)

B Parameters of active neutrinos

D" =diag(\/m_l =0, \/m_ ,\/nT3 ): active v masses /

Dirac phase o

—id

ClECIB Sllcl3 slSe l
UPMNS = TCx5 —sz3cusne"i €€y _stslzsnse“i §3Cy3 e’
8235, _Czsczzsueﬂg 8,0, _6335125136‘1; €€y f 1
B Parameters of sterile neutrinos Majorana phase 1
D\? = diag(\J/M, ,\[M,) : sterile v masses
0 0 o For Imw >» 1, Q « e!M®
w: complex number

Q = 1 —q1 1 — [ —

COoSs @ sin @ §—i1 , [F,@ X e maw = Xw ]

Esinew  £cosw ) €— Imo ]

Takehiko Asaka (Niigata Univ.) 07 March, 2011
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K*—u*+ missing energy

10° g—r— arXiv:1101.1382v1 ] Ongoing E949 analysis (A. Shaykhiev, INR)

g -
y E949 expected
- U, U, .
. o 107 single event
SWE = = : sensitivity
++ = - 3 i K-> u'N
a - o 2 10°% + 'y .sp‘éc:%y -+
P - — 3 ]
I : E
’ = - . 1
X
G 107 = 3 1077 + K' -y u'N, -+
- - ; N->le"u ve + c.c.]
p— p 10-8 _'E_ r“ - 0-1 S FN _E_
: 1 "',u"# c.c.]

-8 WANEEITT L1 111111 1 S
10 l , . |

10 10° 10 10-0 & 1
X, : :

Allowed BR(K*—u*N) 077 T mm———— ORKA T

for normal hierarchy 100 200 300 400
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Precision Measurement of Ke2 /Ku?2

N _F(K+%e+v)
K = F(KJ’%MJ’V)

Roy = (2.477 £0.001) x 10 arXiv:0707.4464 |

Extremely precise because hadronic form factors cancel in
ratio

Sensitive to new physics effects that do not share V-A
structure of SM contribution

R =(2.487 +0.013) x 105 (NA62) arXiv:1101.4805 |
R = (2.493 + 0.025 + 0.019) x 105 (KLOE) ~ arXivi0907.3594)

Expect ORKA statistical precision of ~0.1%
More study required to estimate total ORKA uncertainty .

ETW: Project X Physics Study June 19, 2012




Fundamental K* Measurements

K* lifetime B(K*—mt*n®)/B(K*—u*v)

Not a major source of Contributes to fit for N
uncertainty for unitarity |V, /V 4l S
tests Expect improvements in 2
Some discrepancies among lattice calculations so that E
experimental results in experimental errors may _
PDG soon be dominant =
1/537510.0021 (Ertor Scaled by 1.9 0.228 |- Vo ;%
\L alues above of wei ed average, error ;g - ">'<'
and soas factor e pased upon the data in I v.dVe @
this ideogram only. They are not neces- §
Sbianed from & loast-squares consirained fi =
utilizing measurements of other (related) 0.226 - fit =
quantities as additional information. E
fit with
- unitarity
X - Vis
""" U KOPTEV 85 ONTR 57 0.224 |-

- - - - KOPTEV 95 CNTR 0.1 c

o - OTT 71 CNTR 0.0 %

-------- LOBKOWICZ 69 CNTR 8.9 [

-+ FITCH 65B CNTR 2.8 i.—v

18.6 -
(Confidence Level = 0.0022) TR S I S — TR B S —
! | 0.972 0.974 0976 V,,

1.21 1.22 1.23 1.24 1.25 1.26 1.27

x 108 s M. Moulson, CIPANP 2012




Dark Photons?

FEELING IN THE DARK

Three experiments will search unexplored
mass regions for a dark photon, which could
explain why muons flout the standard model.

Experiments: | DarkLight Il APEX M HPS
B Where muon data hint dark photon may be
Where dark photon is already ruled out

104' R
2 % by e

interactions with matter

Relative strength of dark photon

0.01 0.1 ]
R. Essig Mass (gigaelectronvolts)

A’: same interactions as
SM photon with reduced
coupling

Multiple dedicated

experiments to search for
A’ at JLab

ORKA search:
K*=> ntA'= mtete
0 = YA > yete
Signal would appear as
resonance above continuum

in efe” invariant mass
distribution

Electron resolution and
background from conversion
could be a problem

No ORKA sensitivity estimate
yet
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Summary

r (preliminary estimate of sensitivity)

Process Current ORKA Comment
Kt 5 xtup 7 events 1000 events
Kt 5 xtX0 < 0.73 x 10~V @ 90% CL <2x10712 K+ — w7 vi is a background
K+ 5 atavi <43 x 1072 <4 x10°" %
Kt 5 xta9X0 <~ 4x 1077 <4x107" o))
Kt 5=ty <23x107¢ < 6.4x 10712 2
K+ = p vpeavy <2x107% —-1x10"7 <1x10-10 150 MeV < m,, < 270 MeV =
K+ = pty,vw <6 x 1076 <6 x 1077 —§"
Kt 5 atay 203 events 200,000 events ﬁ
(Ke2)/T(Ku2) +0.5% +0.1% 2
7l = v < 2.7x 1077 <Hx107%to <4 x1079 depending on tech nique a
7l =5 4 X0 <5 %1074 <2x1079 ?,
S
o
Y _ = =
ORKA, while highly optimized for K*—m+vv, is z

capable of making important, precise
measurements of many other physics processes.
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Unparticles

Abstract

Georgl I discuss some simple aspects of the low-energy physics of a nontrivial scale invariant
. sector of an effective field theory — physics that cannot be described in terms of

(a rXiv: O7O3260V3) particles. I argue that it is important to take seriously the possibility that the unpar-
ticle stuff described by such a theory might actually exist in our world. I suggest a

scenario in which some details of the production of unparticle stuff can be calculated.

I find that in the appropriate low energy limit, unparticle stuff with scale dimension

dy, looks like a non-integral number d;; of invisible particles. Thus dramatic evidence

for a nontrivial scale invariant sector could show up experimentally in missing energy
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distributions. _
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E i \ &
L o] —— M ; Wu & Zhang
L . 'r 1 . =
Lxw0*f  ----Vector unparticle : arXiv: 0712.3923v1 =
— “For large c’s, the =
8.x107°°F ~ . Q
I 7 = spectra can be quite j2
X107 L2 - . -
: - e different from the =
x0T P i SM prediction in the -
[ — /// .
B S region when the s
’ " L L X L N ”
160 180 200 220 240 260 [, are hard /

Figure 9: The energy spectra for the charged 7 in the vector unparticle model. dy = 1.3, ¢} = 6.6 x 10714,
¢, = —0.05 for the shortest dash-length, dyy = 1.8, ¢} = 5.0x 10715, ¢, = —0.05 for the middle dash-length,
dy = 2.3, ¢} = 1.0 x 107" ¢}, = —0.08 for the longest dash-length. The solid line represents the SM
spectrum.




